ABSTRACT: Our Substitution of FM for SBM had no effect ( P > . l o ) on rate and extent of straw NDF disappearance. A 56-d feeding trial was conducted using 28 wether lambs ( n = 7 per treatment; initial BW 32.3 kg). Wethers were individually fed chopped barley straw and one of the four supplements described previously.
Introduction
Feather meal ( FM) has been available commercially for several years and has been evaluated extensively in poultry diets (Moran et al., 1966) . Research with sheep has shown that FM decreased growth when it supplied all the supplemental protein in growing-fattening diets for lambs (Huston and Shelton, 1971) . Conversely, Jordan and Croom (1957) found that BW gains by fattening lambs were slightly greater when FM replaced soybean meal ( SBM) . Ely et al. ( 199 1) reported that replacing half the SBM protein with FM in lamb finishing diets resulted in lamb performance similar to that achieved with diets that derived all their protein from SBM.
Protein digestibility of FM has been reported to be comparable to that of cottonseed meal (Aderibigbe and Church, 1983 ) but less than that of SBM J. h i m . Sci. 1994. 72:509-514 (Thomas and Beeson, 1977) . Feather meal provides ruminal escape sulfur amino acids; these amino acids may limit growth by ruminants (Goedeken et al., 1990 ) and wool growth of sheep consuming lowquality roughages (Hoaglund et al., 1992) .
Most FM research with sheep has been conducted with high-concentrate diets; however, in the Intermountain West, it is common to feed protein supplements to sheep grazing native winter range (lowquality forage). Van Horn et al. (1959) reported that CP was limiting in winter range forage, and increasing the CP concentration of a supplement with SBM increased BW gain by pregnant ewes. Therefore, our objective was to evaluate the effects of substituting FM for SBM on in situ NDF disappearance, BW change, blood metabolites, and wool growth in wethers fed barley straw diets at a maintenance level of ME intake. were formulated to be approximately isonitrogenous and isocaloric. Each period of the Latin square consisted of 14 d for adaptation, followed by a 5-d collection period. At 0800 on d 1 of the collection period, nylon bags (500 cm2; pore size 54 pm; Ankom, Spencerport, NY) filled with 2 g of ground (2-mm screen), air-dried straw were suspended in the rumen of each wether. After 4, 8, 12, 24, 36 , and 48 h of incubation, two bags were removed for NDF analysis. One blank bag was removed from each wether at each sampling time to use as a correction factor for ruminal debris entering the bags. Residue from sample bags was used to determine NDF disappearance (Van Soest and Robertson, 1980) . Sample bags were rinsed with cold water until the rinse water was clear and dried at 60°C for 48 h. Ruminal fluid samples were collected at 0, 4, 8, 12, and 24 h after supplementation to measure ruminal pH (AOAC, 1984) . Ruminal fluid samples were acidified with 3 mL of 6 N NC1 for ruminal N H 3 N analysis by a magnesium oxide distillation procedure (AOAC, 1984) .
Experimental
In situ NDF disappearance measurements for all incubation times were fitted to the nonlinear regression equation described by Robinson et al. ( 1986) to estimate disappearance rates. Rate and extent of NDF disappearance of barley straw were analyzed as a 4 x 4 Latin square design with period, treatment, and animal as main effects (Steel and Torrie, 1980) using the GLM procedures of SAS (199 1). Ruminal pH and N H 3 N concentration were analyzed for a treatment x sampling time interaction using a split-plot analysis (Gill, 1986) within the 4 x 4 Latin square design. For both models, orthogonal polynomial contrasts were used t o examine linear, quadratic, and cubic effects of FM when the overall treatment F-test was significant ( P e .lo). The same contrasts were used for ruminal pH and NH3 N within sampling time when a treatment x sampling time interaction ( P < .lo) was noted.
Growth Trial. A 56-d lamb growth trial was conducted. Lambs were penned individually in a 1.2-m x 1.5-m pens, fed, and bucket-watered in an open-air barn once daily a t 0700. Twenty-eight Rambouillet wether lambs with an average initial BW of 32.3 f 1.5 kg were allotted randomly t o one of the four supplements fed in the in situ trial. Wethers were limit-fed chopped barley straw and supplements. Straw, supplements, and orts were weighed at each feeding and recorded daily. Average daily feed and nutrient intake are presented in Table 2 . Lambs were weighed (12-h feed and water removal) on two consecutive days at the beginning and end of the trial, and midway through the trial. Representative straw samples were analyzed for DM, total CP (Kjeldahl analysis; AOAC, 19841, and NDF and ADF concentrations (Van Soest and Robertson, 1980) . Supplement samples were analyzed for DM, total CP (Kjeldahl analysis), ether extract, (AOAC, 1984) , and sulfur (Hern, 1984) . Wool fiber length (millimeters) was monitored by dye banding with Durafur Black R and measured as described by Langlands and Wheeler (1968) . Wool midside samples were taken at the end of the experiment for wool fiber diameter measurements as described by Langlands and Wheeler (1968) and measured with a microprojector (ASTM, 1985) . The number of fibers measured was 2 500, which was s a c i e n t to give a confidence limit of .05 at the 95% probability level (Stobart et al., 1986) . Midside samples also were analyzed for sulfur concentration (Hern, 1984) . Blood samples were obtained from each wether at the end of the experiment just before feeding (semifasted state) via jugular puncture (Lindsay, 1978) . Serum samples were analyzed for glucose ( GLU) , total protein ( TP), albumin (ALB), serum urea N ( SUN), and creatinine ( CRT) using a semi-automated analyzed (Ames Pacer Analyzer, Miles Laboratory, Elkart, IN).
All dependent variables were analyzed as a completely random design using the GLM procedures of SAS (1991). The main effect was supplement, and birth date was included as a covariate in the least squares model. When there was a significant ( P < .lo) main effect F-test with the ANOVA, the main effect was partitioned into linear, quadratic, and cubic effects of feather meal substitution. No quadratic or cubic effects were detected ( P > .lo).
Results and Discussion
In Situ Trial. There were no sampling time x treatment interactions ( P > .lo) for ruminal pH; hence, treatment means were pooled across sampling times. Ruminal pH did not differ among treatments and ranged from 6.3 to 6.6. The optimal ruminal pH for fiber digestion is between 6.7 and 7.1, but fiber digestion is decreased greatly only when ruminal pH is less than 6.0 (Mertens, 1979) .
Split-plot analysis of ruminal NH3 N concentration revealed a sampling time x treatment interaction ( P < dLinear effect of FM ( P < .05).
eCubic effect of FM ( P < .lo).
fQuadratic effect of FM ( P < .05). . O l ) . As a result, ruminal ammonia data were analyzed within sampling time ( (Goedeken et al., 1990) . Only in wethers fed the 66FM and FMS supplements at 8 and 12 h after feeding were ruminal ammonia concentrations less than concentrations considered optimal for microbial growth and forage digestion (Satter and Slyter, 1974; 2 to 5 mg dL). Feather meal did not affect ( P > .10 j rate and extent of straw NDF disappearance (Table 4 ) . In contrast to ruminal N H 3 N data, these results suggest that adequate ruminal NH3 N for microbial digestion of NDF was provided by all supplements. Cornstarch was included in the 66FM and FMS supplements t o ensure that they were isocaloric with the SBM and 33FM supplement, but this added starch did not seem to affect ruminal NDF digestion when the supplements were fed at approximately 13 to 16% of the dietary DM. Neutral detergent fiber disappearance data at 48 h agree with those of Horton and Christensen (1978) and Harris et al. (19891, who reported in vitro DM and NDF disappearance values using sheep as the inoculum source that were comparable to those we observed.
Growth Trial. Body weight change increased linearly ( P = .lo) as FM replaced SBM during the first and second 28-d period, and throughout the 56-d experiment ( P = .01; Table 5 ). Increased BW gain as the level of dietary FM increased was probably a result of increased ruminal escape protein supplied by FM. Dietary sulfur concentration increased slightly as FM increased because no adjustments were made for different sulfur concentrations of the feed ingredients. However, actual daily sulfur intake ranged from 2.2 (.23% of DM) t o 2.7 g/d (.28% of DM; Table   Table 5 .04
.62 aSBM = soybean meal supplement; 33FM = 33% of SBM protein replaced by feather meal; 66FM = 66% of SBM protein replaced by feather meal; and FMS = 100% of SBM protein replaced by feather meal. bTP = total protein; ALB = albumin; SUN = serum urea N; GLU = glucose; CRE = creatinine supplement. CSEM = standard error of least squares means, n = 7. dProbability value of the F-test for treatment.
eLinear effect of FM ( P < .05).
2), and all diets met or exceeded the NRC (1985) dietary sulfur requirement of .14 to .26%. Sulfur levels of .15 to .20% (DM basis) seem to be adequate for ruminal function (Goodrich et al., 1978) ; therefore, it is probable that the observed gain response resulted from dietary escape protein supplied by FM and not from sulfur. Vipond et al. (1989) evaluated the effect of ruminally undegraded protein from fish meal on performance by overfat lambs fed barley straw t o reduce carcass fat. Dietary objectives in the supplemented lambs were to provide a submaintenance level of energy that would encourage fat utilization and provide sufficient amounts of protein to maintain muscle mass and possibly allow net muscle accretion. All lambs mobilized body fat for energy, but lambs supplemented with fish meal lost significantly less BW and maintained more muscle tissue than nonsupplemented lambs (Vipond et al., 1989) . In our experiments, ME intake was calculated to be at maintenance, and BW changes were minimal in both trials. The linear increase in BW change as FM replaced SBM may be explained by the data of Vipond et al. (1989) . Lambs fed FM were presumably mobilizing body fat because of the low level of ME intake, but FM provided sufficient protein t o maintain muscle mass or allow for a small amount of net protein accretion.
Serum TP concentration increased linearly ( P < .05) as the proportion of dietary CP from FM increased (Table 6 ). This increased serum protein concentration was probably a result of increased ruminal escape protein reaching the small intestine. Hoaglund et al. (1992) reported a greater total serum protein concentration in ewes fed escape protein from blood meal than in ewes fed either urea or SBM supplements. Protein source did not influence serum ALB ( P = .79), SUN ( P = .57), GLU ( P = .76), or CRT ( P = .62) concentrations.
No differences ( P > .lo) in wool fiber length, wool fiber diameter, or wool sulfur concentration were detected ( Table 7) . The short duration of the experiment may have been responsible for the lack of effect of protein source on wool measurements. It also is possible that because all diets met NRC (1985) requirements for sulfur, the additional quantity of sulfur amino acids presumably provided by increasing FM was not great enough to elicit a wool response.
In summary, feeding FM did not affect rate or extent of ruminal NDF disappearance, suggesting that under our conditions, ruminal NH3 N concentration satisfied microbial requirements for fiber digestion. Feeding FM to lambs increased BW change linearly, which was likely the result of increased dietary protein reaching the small intestine. aSBM = soybean meal supplement; 33FM = 33% of SBM protein replaced by feather meal; 66FM = 66% of SBM protein replaced by feather meal; and FMS = 100% of SBM protein replaced by feather meal. bSEM = standard error of least squares means, n = 7. 'Probability value of the F-test for treatment.
